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Abstract
Sandwich-type biosensor platforms have drawn lots of attentions due to its superior features, compared to other
platforms, in terms of its stable and reproducible responses and easy enhancement in the detection sensitivity. The
sandwich-type assays can be developed by utilizing a pair of receptors, which bind to the different sites of the same
target. In this mini-review paper, the sandwich-type biosensors using either pairs of aptamers or aptamer-antibody
pairs are reviewed in terms of its targets and platforms, the schematic designs, and their analytical performance.
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Background
The bioreceptors, important part of the biosensors, are
known to afford a major function of the biosensors, se-
lectivity and sensitivity. The antibody is one of the well
know bioreceptors widely used for its high avidity, speci-
ficity, and diversely applicable feature [1]. Since the
sandwich-based assays using secondary antibodies were
established in a diagnostic field, along with their
enhancements in the sensitivity and specificity, these
improvements have led to the commercial success in
many ELISA or lateral flow strip type kits [2]. However,
these antibody-based biosensors have some weak points
in using antibodies, such as high cost, instability, or
limitation of target kinds.
Aptamers, which are oligonucleotide or peptide biore-
ceptors specifically binding to the target molecules, have
been considered as an alternative to antibodies in com-
pensating the antibody’s weakness [3, 4]. Aptamers are
known to be less expensive in its development, more
stable in the wide ranges of pH and temperatures and
less limitations in their targets than antibodies [5]. Apta-
mers are screened from a random library via systematic
evolution of ligands by exponential enrichment (SELEX),
which have been studied extensively since 1990 [6].
Similar to antibody-based biosensors, single aptamer-
based biosensors have also suffered from its weak sensi-
tivities, and so resulted in being destined to be
unrealized for field application or commercialization. To
overcome this limitation, alternatively, sandwich-type
biosensors using a pair of aptamer and antibody com-
plex [7–10] have been developed. In an antibody-
aptamer pair or vice versa, the capture aptamer was
immobilized on the platform, and the secondary anti-
body functionalized with signaling moieties bound to the
captured target for generating signals. These sandwich-
type bioassays showed enhanced sensitivity and specifi-
city, compared to what a single aptamer is used [11].
Regarding the sandwich-type biosensors using a pair of
aptamers, it has rarely been reported, probably due to less
availability of the dual aptamers or a pair of aptamers,
even though the dual aptamer-based sandwich-type assays
are expected to be realized earlier. However, after the de-
velopment of aptamer pairs are reported, a few sandwich-
type biosensor applications using aptamer pairs have been
continuously reported [12–15]. In other words, the suc-
cessful development of aptamer pairs leads to the research
on the development of appropriate sandwich-type biosen-
sors for on-site diagnosis, similar to ELISA kits [16].
For the development of aptamer pairs, it is worth to
mention new SELEX methods beyond traditional SELEX
methods especially useful for developing a pair of apta-
mers or aptamer due, even though the SELEX itself is
not the central issue in this review. The most conven-
tional SELEX methods were based on the target
immobilization, in which aptamer candidates can access
to the targets where the surface of the targets is not
occupied from immobilization [17]. Since the aptamer
pairs have to bind the same target at different sites, an
immobilization-free method should have advantages in
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the screening of aptamer pairs. For example, Graphene-
Oxide SELEX (GO-SELEX), target immobilization-free
SELEX, is one of the SELEX methods for developing
aptamer pairs successfully [18]. GO-SELEX is based on a
phenomenon that single strand DNAs adsorbed to gra-
phene oxide surface strongly by π-π stacking. Successful
screening of aptamer pairs for one protein target and
two kinds of virus targets were reported based on the
use of GO-SELEX so far [12–14]. Another SELEX
method for aptamer pair is multivalent aptamer isolation
SELEX (MAI-SELEX) [19]. MAI-SELEX has two distinct
selection stages. The affinity module enriches for bind-
ing with a target on single binding site. The specificity
module can separate the aptamer candidates into groups
based on the binding sites. However, this method has
the limitation of a target. The target should be separated
into subunits for specificity module.
In this review paper, the sandwich-type biosensors
using pairs of aptamers or aptamer-antibody pairs are
discussed regarding its targets and platforms, the sche-
matic designs, and their analytical performance. The
aptamer-based sandwich-type biosensors have been
developed on various platforms such as electrochemical,
localized surface plasmon resonance (LSPR), surface
plasmon resonance (SPR), enzyme-linked aptamer-
antibody sandwich (ELAAS), optical, or colorimetric-
based platforms. Each platform has pros and cons, but
there are advantages in common for the direction of
on-site diagnosis by using a sandwich platform. These
factors were summarized and illustrated as parameters
and issues which should be considered to design biosen-
sors strategically in the Fig. 1.
The Sandwich-type biosensors using a pair of
aptamer and antibody
When the secondary aptamers are not available, an alter-
native to aptamer pairs could be a pair of antibody and
aptamer. In this case, the capture aptamers (or antibody
but mostly not, since aptamers are not developed if the
antibodies are available) are immobilized on the sensing
platforms, and the secondary antibodies (or aptamers)
are used for signal amplification or generation (Fig. 2 (a),
(b)). There have been a few reports using a pair of both
aptamer and antibody in the number of different plat-
forms, such as electrochemical, LSPR, or optical-based
sensors for the detection of protein or virus targets.
There is a trend toward developing platforms for on-
site diagnosis. The electrochemical biosensors can be
developed using miniaturized measuring device and plat-
forms in a portable sensing platform, like a glucose
meter. The reusable feature and small sample volume
required for analysis are the advantages of LSPR
biosensors. The ELAAS and optical-based biosensor, al-
ternatives to ELISA-based biosensors, can enhance the
sensitivity and selectivity in the detection of targets.
Fig. 1 An illustration showing the parameters and factors to design biosensors strategically
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R-Q. Yu’s group developed a sandwich-type electro-
chemical sensor using an antibody and aptamer pair for
the detection of thrombin [8]. The antibodies were
immobilized on the electrode, and the extended apta-
mers were used as a secondary capture agent. They de-
signed extended based in aptamer for the intercalation
methylene blue into the extended and hybridized section
as an electrochemical active indicator. This platform
showed 0.5 nM of the limit of detection (LOD). L. Guo
et al. developed an LSPR based biosensor induced by
aptamer-antigen-antibody sandwich structures [7]. They
used thrombin binding aptamer on Au nanorods as a
capture receptor, and anti-thrombin antibody labeled as
an LSPR signal amplification probe. This method
enhanced LOD from 18.3 pM to 1.6 pM and makes the
biosensor reusable.
Y. Huang et al. developed another sandwich-type elec-
trochemical biosensor for the detection of Platelet-derived
growth factor-BB (PDGF-BB) using a pair of antibody and
aptamer [20]. The Rabbit anti-human PDGF-B polyclonal
antibodies were immobilized on the electrode platform to
capture PDGF-BB. Secondary primed-aptamers were used
for the amplification of electrochemical signals by poly-
merizing circular DNA and methylene blue intercalated to
the ds-DNA product. This sandwich polymerase amplifi-
cation platform’s LOD is 18 pg/ml.
S. J. Lee et al. developed ELAAS assay for the detec-
tion of porcine reproductive and respiratory syndrome
virus (PRRSV) type II [9]. They screened the PRRSV spe-
cific binding ss-DNA aptamer. This aptamer immobi-
lized on the streptavidin-coated 96-well plate. The
antibody and the HRP-conjugated antibody were used
for the enzyme reaction-based signal generation on the
sandwich format 96 well plates. The LOD of ELAAS
system was 4.8 TCID50/ml. They claimed the ELAAS
enhanced the LOD 5200-fold higher than SPR biosensor
and PCR-based detection methods.
C. Preininger group presented an RNA aptamer and
antibody-based biosensor for the detection of C-reactive
protein (CRP), which has been identified as a biomarker
for inflammation, sepsis and tissue necrosis [10]. The CRP
binding aptamer was covalently immobilized on ARChip
Epoxy. For the detection of bound CRP, dyes labeled sec-
ondary antibodies were used for generating optical signals
in a sandwich format. They claimed that the aptamer-
based biochip assay has more broad measuring range
(10 μg/l to 100 mg/l) than antibody-based biochip assay
for the diagnosis of low, elevated and high-risk patients.
By replacing one of the bioreceptors in the sandwich-
type biosensors, i.e., the capture antibody or detection
antibody with aptamer for high sensitivity and selectivity,
researchers have suggested a new sandwich-type plat-
forms using a pair of aptamer-antibody or vice versa.
Limitations of using antibodies, such as high cost and
instability, can be overcome by using aptamer pair-based
sandwich type platforms in next subject.
Fig. 2 The scheme of aptamer-antibody-based sandwich-type biosensors and aptamer pair-based sandwich-type biosensors; Antibody-aptamer-based
sandwich-type biosensor (a), aptamer-antibody-based sandwich-type biosensor (b), aptamer pair-based sandwich-type biosensor (c), aptamer-based
sandwich-type biosensor using hands in hands nanostructure (d), FRET-based label free sandwich type biosensors (e)
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The Sandwich-type aptasensors using a pair of
aptamers
The sandwich-type aptasensors using a pair of aptamers
have been reported with their enhanced sensitivity and
specificity in various platforms (Fig. 2 (c)). The different
platforms using dual aptamers have been implemented
in the number of different platforms, such as colorimet-
ric, electrochemical, or SPR-type platforms. Each type of
these platforms has advantages for signal amplification
by using secondary aptamer and properly fitted for on-
site diagnosis. In fact, the comparisons between the
sandwich-type aptasensors and immunosensors were
conducted and summarized briefly in the Table 1.
The colorimetric biosensor can be widely used for
many cases because the result of a colorimetric biosen-
sor can be analyzed by bare eye roughly without measur-
ing device. The SPR-based biosensor needs SPR device
for analysis, but known to have high sensitivity. So this
biosensor can be a better choice for very diluted sam-
ples. Each aptasensor platform using a pair of aptamers
and its analytical performances were summarized below.
Thrombin is a coagulation protease generated at sites
of vascular injury. This protein activates platelets, leuko-
cytes and endothelial cells [21]. Thrombin has a role of a
biomarker of a few diseases, including atherosclerosis
and stroke [22]. W-Y. Chen’s group presented a
Table 1 A brief comparison between the sandwich-type aptasensors and immunosensors in terms of sensing modalities, sensing
platforms, and sample matrices
Target Bioreceptors Sensing modalities Sensing platform Sample matrices LOD Reference
Thrombin Ab + Apt Electrochemical sandwich On the electrode Tris-HCl buffer 0.5 nM [8]
Ab + Apt LSPR sandwich Solution phase Binding buffer/male human
serum
1.6 pM/50 pM [7]
Apt pair Colorimetric sandwich 96 well plate Binding buffer 0.4 μM [16]
Ab Impedance On the electrode PBS 100 nM [23]
Apt pair Impedance On the electrode Binding buffer 100 nM [23]
Apt pair FRET label free Solution phase Tris-HCl buffer/Serum 0.76 nM/130 nM [24]
PDGF-BB Ab + Apt Electrochemical sandwich On the electrode Tris-HCl buffer/Human serum 18 pg/ml [20]
Apt pair Electrochemical sandwich On the electrode Purified sample/Blood serum 10 fM/1 pM [29]
Apt pair Electrochemical multiple
sandwich
On the electrode Tris-HCl buffer Less than 100fM [28]
Ab Electrochemical sandwich On the electrode Human serum 0.01 ng/ml [35]
CRP Ab + Apt Optical sandwich assay On AR chip epoxy Human serum 10 μg/l [10]
Ab pair Electrochemical snadwich Electrode array Human serum 15 fg/ml [36]
Ramos
cell
Apt pair LFA chip Nitrocellulose membrane strip Human blood 800 cells [25]
MCF-7 Apt pair Electrochemical sandwich On the electrode PBS 100 cells [26]
Ab pair Electrochemiluminescence on the electrode Human serum 4.5 fg/ml [37]





Ab Electrochemical sandwich On the electrode Phospate buffer 1000 cells/ml [38]
VEGF Apt pair SPR sandwich on the Au chip Tris-HCl buffer 100 pg/ml [31]
Ab pari Electrochemical sandwich On the electrode Human serum 21 cells/ml [39]
Vaspin Apt pair SPR sandwich on the Au chip Binding buffer/Human serum 3.5 ng/ml/4.7 ng/
ml
[14]
Ab + Apt SPR based ELAAS on the Au chip Human serum 39 ng/ml [11]
PRRSV
type II
Ab + Apt ELAAS 96 well plate Binding buffer/Swine serum 4.8 TCID50/ml [9]
PRRSV Ab Electrochemical sandwich On the electrode Negative serum 380 pg/ml [40]
BVDV Apt pair SPR sandwich on the Au chip Binding buffer 500 TCID50/mL [13]
Ab Light scattrering Micro fluidic cahnnel Tissue culture media and fetal
calf serum
10 TCID50/mL [41]
H5N1 Apt pair SPR sandwich on the Au chip Binding buffer 200 EID50/ml [12]
Ab Electrochemical sandwich Micro fluidic cahnnel Buffer 1 pg/ml [42]
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sandwich-type colorimetric aptasensor using a pair of
thrombin binding aptamers [16]. The capturing aptamer
immobilized on an avidin, while the secondary aptamer
conjugated with Pt for the reaction with TMB (3,3′,5,5′-
tetramethylbenzidine). The limit of detection was
0.4 μmol/L for this sandwich colorimetric aptasensor. U.
Schecht et al. compared antibody and aptamer receptors
for the detection of thrombin with a nanometer gap-sized
impedance biosensor platform [23]. They immobilized
antibodies and RNA-aptamers on two same biosensor
platforms respectively. The result showed both antibody
and aptamer equally suitable for the specific detection of
thrombin. The aptamer-based biosensor made faster bind-
ing than the antibody-based biosensor. However, the
antibody-based biosensor had a higher signal than the
aptamer-based biosensor. In a low thrombin concentra-
tion, the aptamer-based sensor was found to be a little bit
more sensitive than the antibody-based sensor. J. Li et al.
developed label-free thrombin Fluorescence resonance
energy transfer (FRET) aptasensors using [Ru(bpy)2(o-
mopip)]2+ (OMO) and graphen oxide (GO) [24]. The
OMO have an interaction with GO. When the target is
induced, the aptamer and OMO detached out from GO
for signal readouts (Fig. 2 (e)). The high sensitivity was
obtained by using an aptamer pair in a sandwich complex
formation (LOD; 0.76 nM).
G. Liu et al. presented nanoparticle strip aptasensor
for detection of cancer cell (Ramos cell) using a pair of
aptamers [25]. Aptamers selected by cell-SELEX and
were prepared with gold nanoparticles (AuNPs) for
visibility on lateral flow assay chip. Without any instru-
mentation, the LOD was 4000 Ramos cells, but with
portable strip reader, they could detect 800 Ramos cells
within 15 min. X. Zhu et al. represented a electrochem-
ical aptasensor for the detection of Michigan cancer
foundation-7 (MCF-7) human breast cancer cells [26]. A
mucin 1 (overexpressed glycoprotein on apical surface of
cancer cells) binding aptamer was used as capture and
detection aptamer. Capture aptamer immobilized on a
gold electrode and detection aptamer was labeled with
HRP enzyme for electrochemical response catalysis. This
method showed low LOD of 100 cells.
Platelet-derived growth factor (PDGF) is a potent
mitogen protein for vascular smooth muscle cells impli-
cated in the pathogenesis of atherosclerosis. A
concentration-dependent contraction of aortic strips is
caused by PDGF, which contributes to the increased
vasoreactivity of atherosclerotic vessels [27]. C. Li et al.
presented multiple sandwich-type electrochemical apta-
sensor for the detection of Platelet-derived growth
factor-BB (PDGF-BB) [28]. The primary capturing apta-
mer was immobilized on a gold electrode, and two
different kinds of secondary aptamers were used for
multiple sandwich-type assays. Each secondary aptamer
have complementary regions for hybridization. The third
aptamer can capture another target proteins (Fig. 2 (d)).
They also used redox species ([Ru(NH3)6]
3+) for produ-
cing a remarkably amplified signal. This multiple
sandwich-type aptasensor showed high sensitivity (LOD
less than100 fM). J. Wang et al. reported sandwich-type
electrochemical aptasensor for the detection of PDGF
using AuNPs and redox species [29]. The detection
sensitivity was enhanced by using signal amplification
agents, AuNPs and [Ru(NH3)5Cl]
2+. They showed
extraordinarily low LOD of 10 fM for purified samples,
1 pM for contamicated-ridden samples or undiluted
blood serum.
N. Soltani group developed electrochemical aptasen-
sor for detection of Staphylococcus aureus (S.aureus)
using aptamer-conjugated silver nanoparticles (AgNPs)
[30]. A pairs of aptamers were conjugated to
magnetic beads and AgNPs for anodic stripping volt-
ammetry, respectively. This platform showed sensitive
results in LOD 1.0 CFU/ml, and a similar perform-
ance in real water sample.
H. Chen et al. presented sandwich-type SPR based
aptasensor using rolling circle amplification (RCA)
process to amplify the SPR signal for the detection of
vascular endothelial growth factor (VEGF) [31]. The
capture aptamer immobilized on gold chip and
carboxyl-coated polystyrene microspheres were used to
load the detection aptamer and primer for RCA process.
After the addition of ligase, phi29 polymerase, and
dNTPs, the RCA performed SPR signal amplification.
The detection limit of 100 pg/ml enhanced about 2-fold
higher than the previous studies, electrochemical and
optical sensing platforms [32, 33].
Visceral adipose tissue-derived serpin (vaspin) is iden-
tified as an adipokine known as a protein biomarker for
insulin resistance involved in obesity and type-2 diabetes
[34]. N. Hanun et al. presented a sandwich-type aptasen-
sor for detection vaspin using aptamer pair [14]. As a
first vaspin binding aptamer duo, this pair of aptamers
was developed by immobilization-free GO-SELEX
method. They characterized the candidates of aptamer
duo by sandwich-type SPR based assay. Primary aptamer
was immobilized on a gold chip, while the possible sec-
ondary aptamer was conjugated with AuNPs, which can
make the amplification of SPR signals. This aptamer
duo’s sandwich bindings were proved by using confocal
laser scanning microscopy (CLSM) and circular dichro-
ism (CD) analysis after quantum dot (QD)-labeled
reporter aptamer used. This aptasensor’s limit of detec-
tion was 3.5 ng/ml, while the sensitivity was improved
114 times than aptasensor using a single aptamer.
J-W Park et al. developed sandwich-type aptasensor
using a dual aptamer for the detection of bovine viral
diarrhea virus (BVDV) [13]. They also screened a pair of
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aptamers by GO-SELEX for a whole virus. The SPR
based sandwich assay was performed to obtain the
aptamer pair’s affinity and specificity. This aptasensor
showed 500 TCID50 mL − 1 limit of detection. The
sensitivity was enhanced 20 fold than aptasensor using a
single aptamer.
V-T. Nguyen et al. developed sandwich-type SPR based
aptasensor for detection H5Nx viruses using a pair of
aptamers [12]. The pairs of aptamers were screened by
Multi-GO-SELEX with whole virus targets. Aptamers
screened out by Multi-GO-SELEX have flexibility to
binding multiple targets, such as H5N1and H5N2,
H5N1 and H5N8 or H5N1, or H5N2 and H5N8. In
addition, a pair of aptamers binding to different site of
the same whole H5N1 virus was also screened out by
this SELEX method. The limit of detection of this pair
of aptamers is 200 EID50/ml in a sandwich-type SPR
based aptasensor.
Conclusion
The sandwich-type assay platform is essential to develop
a highly sensitive biosensor. For the development of
aptamer pair-based sandwich platforms, the successful
screening of a pair of aptamers is required. The limita-
tions of the sandwich-type biosensors using antibodies
have been solved after the pairs of aptamers were devel-
oped. The development of sandwich-type aptasensors
for rapid, sensitive, and competitive on-site diagnosis are
expected to be continued by researchers with the devel-
opment of new pairs of aptamers for various targets
which could be done via easy, low cost, and convenient
aptamer screening methodologies.
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